INTRODUCTION
There have been four major events over the last century that have contributed to the better understanding and treatment of primary hyperparathyroidism: the routine measurement of serum calcium with recognition of hypercalcemia, the secured diagnosis with measurement of elevated parathyroid hormone (PTH) levels, the preoperative localization of hypersecreting parathyroid gland(s), and the use of intraoperative measurement of PTH dynamics. Targeted parathyroidectomy guided by intraoperative parathyroid hormone monitoring (IPM) through a small cervical incision has replaced traditional bilateral neck exploration (BNE) as the initial approach in the surgical treatment of patients with primary hyperparathyroidism at many medical centers worldwide. Preoperative Tc-99m-sestamibi localization scans and/or ultrasound serve as an important prerequisite for successful targeted parathyroidectomy.
Operative success rates are further improved by IPM before and after removal of all abnormal parathyroid glands. When intraoperative PTH levels are reduced by more than 50% from the highest pre-incision or pre-excision PTH level after resection of an abnormal gland, successful operative resection is assured with a predictive cure rate of > 95%. The advantages of targeted parathyroidectomy in the ambulatory setting include improved cosmetic results, decreased postoperative pain, shorter operative time, decreased hospitalization and rapid postoperative recovery with a success rate comparable to BNE. This article reviews the current understanding and treatment of primary hyperparathyroidism.
PRIMARY HYPERPARATHYROIDISM
Primary hyperparathyroidism results from an overproduction of PTH by one or more hyperfunctioning parathyroid glands, which usually leads to hypercalcemia. Humans typically have 4 parathyroid glands (84%), but may have 5 or more (supernumerary) glands (13%) or only 3 parathyroid glands (3%) [1] . The incidence of primary hyperparathyroidism increases with age, and ranges from 0.1-0.3% [2] . Primary hyperparathyroidism occurs more frequently in women than men with a ratio of 3:1. Parathyroid adenoma is a benign encapsulated tumor that accounts for the majority of cases (85-96%) of primary hyperparathyroidism. Although most have a single affected gland, 2-5% of patients with primary hyperparathyroidism may have more than one affected parathyroid gland. Parathyroid hyperplasia is caused by an increase of parenchymal mass within the parathyroid glands, and it accounts for 4-15% of cases.
The incidence of parathyroid hyperplasia increases in patients with multiple endocrine neoplasia (MEN) types 1 and 2, and non-MEN familial isolated hyperparathyroidism (FIHPT). Parathyroid hyperplasia is treated by either subtotal parathyroidectomy (3½ glands removed) or total parathyroidectomy with autotransplantation. For patients with MEN, cervical thymectomy should also be performed.
Parathyroid carcinoma is an indolent growing malignant tumor responsible for less than 5% of all primary hyperparathyroidism cases.
Since this carcinoma is invasive, parathyroidectomy should be performed with en bloc resection of the ipsilateral thyroid lobe avoiding parathyroid capsule violation.
CLINICAL MANIFESTATIONS AND DIAGNOSIS
The clinical presentation of primary hyperparathyroidism has evolved throughout the years. The classic description of kidney http://www.enm-kes.org "stones", painful "bones", abdominal "groans", lethargic "moans" and psychiatric "overtones" are now infrequently encountered in developed countries. With the widespread use of serum channel autoanalyzers since the 1960's, patients with primary hyperparathyroidism most commonly present with abnormal biochemical results before the manifestation of clinical symptoms. At this earlier stage of diagnosis, most patients found to have primary hyperparathyroidism are asymptomatic (75-80%) with the disease being evident only as hypercalcemia on routine chemistry analysis [3, 4] .
The diagnosis of primary hyperparathyroidism is confirmed by demonstrating high serum calcium levels, and elevated intact PTH levels in the setting of normal renal function. The development of an assay to measure human PTH in 1968 has since enabled the more accurate diagnosis of primary hyperparathyroidism. Evidence of increased vitamin D metabolism, secondary to increased intact PTH, can also be seen in patients with primary hyperparathyroidism, and is typically characterized by low plasma levels of 25-hydroxyvitamin D and high plasma levels of 1,25-dihydroxyvitamin D. Twenty-four hour urine calcium collection is also helpful to exclude the diagnosis of benign familial hypocalciuric hypercalcemia (BFHH). Patients with this rare condition usually have a family history of hypercalcemia and decreased urine calcium excretion since birth. BFHH biochemically mimics primary hyperparathyroidism with elevated calcium and PTH levels, but with low levels of urinary calcium (less than 100 mg/24 hours). Similarly, the urinary calciumto-creatinine (Ca/Cr) clearance ratio in BFHH is less than 0.01; whereas in patients with primary hyperparathyroidism, the ratio is greater than 0.02. An autosomal dominant disease, BFHH is a be- Some patients may have primary hyperparathyroidism with normal calcium and elevated PTH levels after appropriate diagnostic evaluation. This condition known as normocalcemic hyperparathyroidism is generally recognized in patients being evaluated for osteoporosis [5] . In some individuals, this may be an early presentation of symptomatic primary hyperparathyroidism; whereas in others, it may represent PTH elevation secondary to vitamin D deficiency or renal dysfunction [6] . Both of these conditions result in decreased levels of 1,25-dihydroxyvitamin D, which would other-wise serve to increase serum calcium and phosphate by increasing absorption from the GI tract, renal reabsorption of calcium and bone resorption of calcium and phosphate. Since it also serves to inhibit PTH secretion, a deficiency would lead to increased levels of PTH. On other occasions, patients will present with hypercalcemia and inappropriately normal PTH levels, and after further evaluation, will have primary hyperparathyroidism. Nevertheless, physicians managing and treating primary hyperparathyroidism should be knowledgeable about its varied presentations in order to avoid poor surgical outcomes.
Although not required for diagnosis, dual-energy X-ray absorptiometry (DEXA) may be useful in the measurement of decreased bone mineral density (BMD) in patients with primary hyperparathyroidism. If osteoporosis is documented, as evidenced by T-score (less than -2.5), parathyroidectomy should be recommended. In primary hyperparathyroidism, bone density losses are greater in areas of cortical bone such as the femoral neck and radius, but can occur at all bony sites. The benefit of parathyroidectomy is more pronounced at the hips because of the morbidity and mortality associated with bone fractures at these sites.
INDICATIONS FOR SURGERY
Parathyroidectomy is clearly indicated in those patients with symptomatic primary hyperparathyroidism. Patients with typical bone, renal, gastrointestinal or neuromuscular symptoms, as well as life-threatening hypercalcemia are surgical candidates. However, there remains some controversy among clinicians regarding the indications for performing parathyroidectomy in asymptomatic patients. A long-term study of patients with primary hyperparathyroidism over 15 years suggests that previous National Institutes of Health (NIH) guidelines for parathyroidectomy do not reliably predict worsening disease progression in asymptomatic patients [7] . In an attempt to address this ongoing debate, these recommendations for surgical treatment of asymptomatic patients previously established by the NIH were modified at the Third International Workshop on the Management of Asymptomatic Primary Hyperparathyroidism [8, 9] (Table 1) . Although some surgeons rely on these objective criteria, experienced parathyroid surgeons believe that subjective complaints also warrant operative intervention. Others now believe that neurocognitive deficits are indications for operative intervention in patients with primary hyperparathyroidism. This stems from a number of studies that show improvement of weakness, fahttp://www.enm-kes.org tigability, bone pain, joint pain, mood swings, and poor memory after parathyroidectomy [10] . Further evidence suggests that there is a significant decrease in the risk of bone fracture in all patients with hyperparathyroidism following parathyroidectomy [11] . Nevertheless, all "asymptomatic" patients with clear biochemical diagnosis of primary hyperparathyroidism should be offered a surgical consultation with an experienced parathyroid surgeon.
PREOPERATIVE PARATHYROID LOCALIZATION
Over the years, emerging imaging modalities and techniques have considerably improved the preoperative localization of abnormal parathyroid glands. The success of targeted parathyroidectomy is largely predicated on the accuracy of these preoperative studies in the localization of hypersecreting parathyroid glands. Nevertheless, while helpful to the surgeon in performing targeted parathyroidectomy, localization studies should not be used to make the diagnosis of primary hyperparathyroidism. Furthermore, selection of the most appropriate imaging study requires an understanding of the accuracy of each modality, particularly at one's institution, in addition to many other factors that may improve or limit its accuracy.
Sestamibi scintigraphy plays an important role in the preoperative localization of abnormal parathyroid glands in targeted parathyroidectomy for primary hyperparathyroidism (Fig. 1 ). Sestamibi can localize 80-90% of single abnormal parathyroid glands, but it is less sensitive in the diagnosis of multiglandular disease (MGD) [12] [13] [14] . The specificity of sestamibi scanning can be improved with delayed (two-hour) planar and multi-dimensional imaging obtained by single photon emission computed tomography (SPECT) [15, 16] .
Although there are no significant differences in the sensitivities of the varied types of sestamibi scanning used to identify abnormal gland(s), multidimensional imaging (i.e. SPECT) can provide additional information regarding the anatomical location of these glands in certain patients [17] . Despite the fact that its sensitivity for MGD is low, misdiagnosis can be avoided with additional preoperative imaging and/or IPM [13, 14, 18] . The co-existence of thyroid nodules or lymph nodes that can mimic abnormal parathyroid glands may also cause false-positive results on sestamibi scans. Such results can be minimized by combining sestamibi with neck ultrasound to distinguish between thyroid lesions and enlarged parathyroid glands. Another option is the combined use of SPECT/CT that can provide simultaneous three-dimensional functional and anatomical information delineating thyroid and parathyroid lesions [19, 20] (Fig.   2 ). Sestamibi-SPECT is particularly useful in detecting smaller parathyroid lesions that may reside posterior to the thyroid gland.
Ultrasound (US) has recently been more frequently used for preoperative parathyroid localization. This imaging modality can be very accurate as it can provide important anatomical information delineating an enlarged parathyroid gland from surrounding structures with 70-80% accuracy [21, 22] . This non-invasive imaging modality is inexpensive, but has varied sensitivity in the localization [29] . Discordance between sestamibi and IPM involves the rapid assay measurement of PTH levels pre-incision, pre-excision, and post excision at 5 and 10 minutes after removal of all hypersecreting parathyroid glands. Originally described by Irvin, the intraoperative criterion for successful and curative parathyroidectomy is a decrease of intact PTH levels by greater than 50% from the highest pre-incision or pre-excision hormone level in a peripheral blood sample obtained 10 minutes after removal of all abnormal parathyroid tissue [31] [32] [33] . If this criterion is met, the operation is completed and the incision is closed (Fig. 4 ).
If the 10 minute sample shows an insufficient decrease, further neck exploration for additional hypersecreting parathyroid glands is performed.
A PTH level decline of greater than 50% from the highest pre-incision or pre-excision level indicates operative success with predictive cure in 97% of cases [33] . In spite of this, other surgeons use more stringent intraoperative criteria to determine operative cure of primary hyperparathyroidism. In addition to a greater than 50% reduction of intraoperative PTH level, these proponents require that the final post-excision PTH level fall into the normal range before concluding the surgical procedure in an attempt to lower the incidence of operative failure or persistent hyperparathyroidism secondary to false positive results [34, 35] . Other evidence, however, suggests that patients in whom intraoperative PTH levels decreased by greater than 50% but did not drop into normal range continue to be biochemically eucalcemic after the operation without an increased incidence of operative failure or recurrent hyperparathyroidism [36] .
In patients with discordant or incorrect concordant preoperative localization studies, IPM remains a useful adjunct that limits exploration and prevents operative failure due to MGD [29] . When both sestamibi and US studies are negative, differential venous PTH sampling measured by rapid assay can be performed to lateralize the hypersecreting gland to one side of the neck [37, 38] . If this test is indeterminate, one side is randomly chosen to be explored first.
Operative failure and BNE rates have decreased significantly for initial and re-operative parathyroidectomy with the advent of IPM.
Failure rates from initial parathyroidectomy have reportedly decreased by 4.5% after the implementation of IPM [39] . Although variable, IPM has been reported to increase success rates by 10% at initial operation, and by 18% in re-operative patients for failed parathyroidectomy [40, 41] . Once the abnormal gland is excised, PTH levels are measured by subsequent 5 and 10 minute blood samples. As previously mentioned, if the 10 minutes post-excision PTH level is reduced by greater than 50%, the procedure is completed and the incision is closed (Fig. 4 ). However, if there is insufficient decrease, further neck exploration is performed for additional abnormal parathyroid glands (i.e. MGD). Patients are carefully followed in the outpatient setting with serum calcium, PTH and vitamin D levels measured at 2 months, 6 months and annually thereafter to determine operative outcome. Operative success can be defined as continuous eucalcemia lasting 6 months or longer. Recurrent hyperparathyroidism is defined as elevated calcium and PTH levels more than 6 months after successful parathyroidectomy. Finally, operative failure is defined as elevated calcium and PTH levels within 6 months after parathyroidectomy.
Several studies confirm the success of targeted parathyroidectomy
with rates comparable to traditional BNE [40, [42] [43] [44] [45] . In one study of 656 consecutive patients over 11 years of which 255 underwent targeted parathyroidectomy and 401 conventional BNE, the success rates were 99% and 97% with complication rates of 1.2% and 3% respectively [42] . Targeted parathyroidectomy also had a reduced operating time of 1.3 hours compared to 2.4 hours for BNE, and a reduction in length of hospitalization of 0.24 days compared to 1.64 days respectively. In another subsequent study of 718 patients over 34 years, the operative success rates for targeted parathyroidectomy and BNE were 97% and 94% with operative failure rates of 3% and 6% respectively [44] . Additionally, patients who underwent targeted parathyroidectomy had a lower incidence of MGD by 7% compared to the BNE group. Finally, in a 5-year follow-up of a randomized controlled trial, targeted parathyroidectomy provided the same long-term results as traditional BNE in patients with primary hyperparathyroidism [46] . The aforementioned studies all concluded that targeted parathyroidectomy was a valid and attractive alternative to BNE for most patients with primary hyperpara-thyroidism.
With limited long-term data to confirm the durability of operative success from targeted parathyroidectomy compared to conventional BNE, critics of the limited approach predict that the combined use of preoperative localization and IPM will miss additional abnormal glands (i.e. MGD) leading to future disease recurrence. In one study of simulated targeted parathyroidectomy in 916 patients with primary hyperparathyroidism, preoperative sestamibi and ultrasound were used for parathyroid localization, and IPM was performed in all patients [47] . Routine BNE was then performed in all these patients revealing 16% having additional enlarged parathyroid glands. The authors concluded that the long term failure or recurrence rate for targeted parathyroidectomy may be higher than reported in early results [47] . What remains unknown is whether or not these enlarged parathyroid glands found on BNE that are judged to be abnormal by the surgeon and may otherwise been left alone or never seen during targeted operations later become hyperfunctioning glands.
There are reports, however, that suggest otherwise demonstrating that targeted parathyroidectomy has a long-term durability of operative success comparable to BNE. In one study with a mean follow-up of almost 5 years, none of the 181 patients cured by image-guided parathyroidectomy developed recurrent disease [48] . In a randomized clinical trial with a 5 year follow-up, the recurrence rates for focused parathyroidectomy and BNE were 5% and 3% respectively [46] . In yet another analysis from the author's institution, a 3% disease recurrence rate developed in 164 patients with a mean follow-up of almost 7 years after successful targeted parathyroidectomy with IPM [49] . Many other studies demonstrate that parathyroid size or histopathology do not necessarily correlate with PTH secretion and therefore may not be reliable indices for determining abnormal hypersecreting parathyroid glands [50] [51] [52] . These findings together indicate that the targeted approach has a durable rate of operative success, does not fail to identify MGD as a cause of recurrent hyperparathyroidism, and strongly suggest that normally secreting, though variably sized parathyroid glands left in situ, do not contribute to higher long term failure or recurrence rates.
Bilateral Neck Exploration
The traditional approach in the surgical treatment of primary hy- Radioguided parathyroidectomy is another surgical approach used in the treatment of primary hyperparathyroidism. Patients are injected with Tc-99m sestamibi isotope approximately two hours before surgery. They are then taken to the operating room where a gamma probe is used to direct the incision site and localize the abnormal parathyroid gland(s) for excision. After the suspected adenoma is removed, the gamma probe is used to measure the radioactivity of the excised tissue, which is then compared to the radioactivity of the surgical bed. Radioguided parathyroidectomy may be useful in re-operative cases, patients who have undergone total thyroidectomy or cases of ectopic parathyroid tissue. IPM can be used as an adjunct to this technique to increase its operative success rate [56, 57] . The routine use of radioguided parathyroidectomy has not been widely adopted and most parathyroid surgeons do not use this approach, arguing that the gamma probe does not provide additional useful information that cannot otherwise be obtained with preoperative localization studies and IPM [57] [58] [59] . 
